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OUTLINE 
Introduction: Satellite microwave imager 
• Dual-scale neighboring ensemble 
variational assimilation method 
Experiment results using simulated 
MWI TBs (NE+EnVA_ 1022.EXP140204) 
Summary 
2013零底CEReS共同研究発表
GPM ( Global Precipitation Measurement) 
~,, 
哩塑園 田ー ．
GPM (Global Precipitation 
Measurement：全疎降水観調〉
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WIJ.y Ensemble-based method?: 
τ。estimatethe flow-dependency 
of the error coi四 riance
1 岨血圃嚇・－~－－ －..－－即日」・2即蜘
亡1
Neighboring ensemble 
• Hypothesis of Buehner and Charron (2007) 
Correlations in spectral space decreases as the difference 
in wave number increases. 
• Spectral Localization 
C.,(kl,k2) = C(kl,k2) L, (kl,k2) 
When transformed into spatial domain 
らいい2)=f Cかl＋引 2+s凡（s)ds
Si:ectral-Localized correlation is a weighted, spatialy-
shifted average of corelation over the neighboring points 
-we approximated the forecast e昨日rcorrelation using 
neighboring ensemble (NE) members of the target points 
(5 x 5 grids). 20 1坪庭CER•S共同研究発表 9 
EnVA: min. cost function in the Ensemble 
forecast error subspace 
• Minimize the cost function with non-linear Obs. term. 
1, = l/2(X-X1)1γ（X -X1 )+ l/2(Y-H(X)JK1(Y-l-(.A')) 
• Assume the analysis error belongs to the space 
spanned by dual-scale NE vertical SVD mode: 
( Ur oQr 〕
X-X1=U山 1on• = I““ ｜ "' l U,. oQg) 
f f ( (UGU'G）。SG ) 
P’＝P. • .. ＇。S=I ” l " l (U8U’g）。ss)
• Horizontal pa杭ernof S is adaptively determined. 
2013年度CEReS共后，..究究表 1 
Why Variational Method ? 討f一三ーヌ ー
To address的enon- :l / 
/in伺 rityofTBs :jt 
MWI TBs are non-linear function of －ト 圃崎国国間
various CRM variables. • 
・TBbecomes saturated as optical! :J f戸？士一一一｜
thickness increases: E司I ・- I 
T-TB z ( l -s，）η ＇＂• . I :y ，刷 l
when Tベ －：， よ
・TBdepression mainly due to :v・- I 
frozen precipitation becomes ゴ ＼ ｜
dominant after saturation. :i …・ •• I 
2013年康CERoS共同断交甥表 -1 ' -二
~咽刷ff;JIP.1.ffl句雨戸，
To reduce degree of freedom, we use SVD modes of 
vertical cross correlation of NE forecast error 
Separation of NE into large-scale modes ( 65 km 
ave.) and local modes (derivation). 
Horizontal correlation cal. from the SVD modes 
」竺型竺旦 Jsepa剛司司
1_ Precip:i 
S田lil 
Cloud-Resolving Model used 
JMANHM＿〔Saitoet al,2001) I Explicitly forecasts 6 species 
Resolution: 5 km I of water substances 
Grids: 400 x 400 x 38 
• Time interval: 15 s 
内紛相C
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Ensemble Forecasts ・100members started with 
pe同urbedinitial data ・Geostrophically-balanced
perturbation plus Humidity 
•Random perturbation with various l:'. 
horizontal and vertical scales I、
(Mitchel et al. 2002) 
Extra-tropical Low 
.Jao. 27. 2003) .守
• - , ；『＼
ヤ マ
Typhoon CONSON 
（中ne.9, 2004) 
??
??
?
?
? ?
15 
CRM control variables (no Precip) 
(1st guess: Ensemble mean) 
2013年度CEReS共副研究発表 17 
OSSE design 
Typhoon Canson 
(04/6/9/22 UTC) 
JMANHM(Saito et al, 2005) 5 km res. 
Ensemble forecast (04/6/9/15): 
100 members started with pe同urbed
initial data 
Regard one member as the “truth" 
··~＂ 咽『＂＂＂【開削叫叫...
刷，＂－
Procedures for assimilating simulated MWI 
TBs(OSSE) 
(1 )Assimilate MWI TBs assuming no precipitation 
(2)Detect precipitation areas: 
Use innovation and post-fit residuals 
(3)Assimilate MWI TBs in precipitation areas: 
Non-linear iterative minimization 
2013＜書店fCERoS尖同筋突発表 hi 
TBc calculated from 1st guess (no Precip) ?
??
?
?TB37v lSv 
18 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
59 
?
?
?
…? ?
?
?
?
? 」
’9 
21 
? 、
?
?
?
?
??
?
?
｜｜
??
?
?
?
?
??
?
、〈
?
??
?
?
??
?
? ?
?
?
『
?
?
?
『?
?
、
?
?
?
?
?
?
???? 、
?
?
?
??? ? ?
．
?
??
?
?
?
?
?
?
?
?
?
?
?
?
?
?
??
?
?
?
?
?
?
?
? ??
?
?． ， ． ，
??
?
「 ?
｜
?
?
「??
?
?
??
????
?
??
??
?
? ? ?
??
?』?
?『
??
?
?
?
?
??
?
?
?
?? ? ?
?
?
?
?ー，
?
?
?
???
?
?
?
??
?
?
???
? ?
?
?
?
??? ?
???
Detection of Precipitation areas 
Thresholds 
ー Innovation!•·-H(I., J ＇＂＇＂・~.山 （＋ 1 )
ーCloudwater content qc > qcth (+2) 
-Cloud ice content: qci > qcith （叫）
-Post fit residual: L(r川 「 1）＇’o.'＞ゐ （＋8)
??
?
??
? ?、．、?
四
Assimilation of no-precip Tb & detection of 
precip areas (Typhoon: 04/6/9/22 UTC) 
一 一2013写庭CERaS共同筋究発表
降水域検出と非降水域TB同化
－降水フラッグは真値の降水分布に近い
－非降水域TB同化による解析インクレメントが
小さい （Ensemble予報のSPREADが小さ
いため？）
・海上風速、SSTの解析値などを改善するに
は、6GHzTBや水平偏波のTBが必要か？
201!3写自主CERoS先制研究究議 2ぜ電
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
60 
Sim. MWI Tbo 
(Typhoon: 04/6/9/22 UTC) 
暗置
－ 
2013等g主CER.Si鳥＂断究，宅表
TBc NE+EnVA 1022 EXP140204.it8 
(Typhoon: 04/6/9/22 UTC) 
2013写庭CEReS共吾，研究発表
25 
百
Assimilation of Sim. Precip. Retrieval 
(Typhoon: 04/6/9/22 UTC) 
田園
一 「－2013年Jl:CEReS共白研究禽表
丁目cNE+EnVA 1022 EXP140204.it3 
(Typhoon: 04/6/9/22 UTC) 
『L ’
『
2013写庫CEReSil向厳突発表
Precip analysis EXP140204.it9 
(Typhoon: 04/6/9/22 UTC) 
.圃
一－ 2013写庭CEReS共由研究発表
2013年度CEReS共同餅究鍔表
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Analysis increments of hydrometers 
(Sim. Precip, Typhoon: 04/6/9/22 UTC) 
2013等底CEReS共＂研究免表
Summary 
• Satellite microwave imager 
• Dual-scale neighboring ensemble 
variational assimilation method 
• Experiment results using simulated data 
• Future directions (real data, FA cycle) 
20mえ署員fCERβS共同研究発表
31 
まB
Analysis increments of hydrometers 
(Sim. MWI TB.Typhoon: 04/6/9/22 UTC) 
2013写皮CEReS共向研究発表 32 
